This paper aims to investigate the risk-based premium rates of the Korea Deposit Insurance Corporation (KDIC), particularly focusing on life insurance firms. To accomplish this, we employ the exchange option model based on the assumption that assets and liabilities follow lognormal diffusion processes.
I. Introduction
As in many nations that have experienced a financial crisis, deposit insurance has attracted an increasing amount of attention in Korea. When the government set a premium rate for Korea Deposit Insurance Corporation(KDIC) in the Depositor Protection Act of 1997, it had neither experience nor data to offer a guideline regarding an appropriate premium rate. Although the rates have been subject to several adjustments, questions have been raised regarding the fairness of current deposit insurance premium rates. The main criticism is that the KDIC has not considered a risk-based premium rate. Park and Park(2014) argued that due to complex political issues as well as the huge costs involved in analyzing risks, a risk-based premium rate is not easy to practically implement.
Deposit insurance premium rates have been periodically revised since 1997(see table 1 ). At the beginning of the scheme in 1997, premium rate levels were kept relatively low in order to relieve the financial burden of companies.
After the Asian financial crisis, however, the premiums were significantly increased, as massive government investments were injected to revive financial institutions. The biggest increase in premium rates occurred in 2000, through which the premiums were doubled for every financial sector. The premium rates have decreased since 2009, except for the mutual savings banks sector, which experienced a recent financial crisis in 2011. Although the KDIC has continuously attempted to set fair premium rates, questions have been raised regarding the methodology used for calculating the premium rates. In reality, the trend of historical premium rates shows that they have decided based on policy judgements rather than a risk-based valuation. Further, the KDIC has not considered the characteristics of each financial sector when deciding A methodology to determine a fair deposit insurance premium has been offered by Merton(1977) , who first suggests using the option-pricing model to evaluate the cost of guarantee by the Federal Deposit Insurance Corporation(FDIC). An extension of this methodology has been made by Ronn and Verma(1986) , which additionally consider a capital forbearance.
McCulloch (1985) and Pennacchi(1987) incorporate stochastic interest rates to calculate fair insurance values. A more appropriate model for property-liability insurers has been developed by Cummins(1988) , who considers a stochastic liability with jump risk. Pennacchi(2005) suggests a moving average method for reducing the cyclicality of deposit insurance premiums.
1) Life insurance institutions are different from other financial institutions in terms of a business purpose, structural design of financial product, and risk exposure. However, in table 1, the trend of historical premium rates of the life insurance sector is similar with that of other financial sectors (Kim et al, 2018) .
The use of the option pricing model gives two primary advantages. First, Marcus and Shaked(1984) argue that fair premium rates can be calculated by applying data collected over short time periods. This is important for nations in which the financial sector has a relatively short history. Second, Phillips et al.(1998) argue that the option pricing model explicitly incorporates default risk. This is also important given the increase in the volatility of life insurance companies.
In terms of the issue of KDIC premium rates, there are very few empirical studies that use the option pricing model (Joh(2008) ; Kang et. al.(2011) ). In particular, there are no empirical studies for Korean life insurance firms.
Thus, the main purpose of this paper is to investigate a risk-based premium rate of deposit insurance, particularly focusing on life insurance companies.
Our model fundamentally follows the Cummins(1988) model based on an assumption that assets and liabilities follow lognormal diffusion processes. In addition, to consider a characteristic of the life insurance sector when estimating premium rates, we apply a purchase-and-assumption(P&A) effect.
Unlike other financial sectors, in the insurance sector, an insurance run is not likely to occur. 2) Thus, the KDIC is likely to arrange P&A rather than liquidation and deposit payoff when insurance firms go bankrupt. In reality, during the Asian financial crisis from 1997 to 1999 in Korea, most remaining claims of distressed insurance firms were successfully transferred to solvent companies without the insurance run(see table 2 ). By arranging P&A, the KDIC could cut down on expenses over the period(see table 3 ).
2) International Association of Insurance Supervisors(2011). Therefore, the valuation of deposit insurance has yet to be fairly priced in terms of standard option pricing model. Shown in table 2 and 3, the KDIC would be likely to cut down the P&A expense when dealing with failed companies because P&A is determined largely by the government judgement.
Without loss of generality, we assume that the KDIC will estimate premium rates incorporating the P&A effect.
The remainder of the paper is organized as follows. The section 2 presents a valuation formula for the deposit insurance premium rate. The section 3 describes the data and result. In the section 4, we present our conclusions.
Ⅱ. An option-pricing framework
Design for valuation
We assume that insurers enter into a contractual arrangement and pay the KDIC deposit insurance premiums at the beginning of a specific contract period whose length is generally one year. At the end of the year, the KDIC examines insured financial institutions. If the audits reveal that assets exceed liabilities, the companies continue to operate and a new premium is calculated on the basis of assets and liabilities for next year. On the other hand, in a case where liabilities exceed assets, the KDIC guarantees insured policyholders against losses resulting from the failure of the companies.
The following additional assumptions are made:
(A1) The insurer has attained a steady-state position. This means that premium inflows, claims outflow, and the incidence of new claims during the contract period are equal.
(A2) Insurer assets consist of marketable securities such as stocks, government bonds, deposits and real estates, and are assumed to follow geometric Brownian motion processes:
where  is the insurer's assets,   is the instantaneous expected rate of return on assets,   is the instantaneous standard deviation of return on assets, and   is the vector of a standard Brownian motion process for assets.
(A3) Insurer liabilities are the reserve built up over time through the collection of premiums and held until claims are paid. We also assume that the liabilities follow a geometric Brownian motion and are determined by
where  is the insurer's liabilities,   is the instantaneous growth rate of liabilities,   is the instantaneous standard deviation of growth rate on liabilities, and   is the vector of a standard Brownian motion process for liabilities.
(A4) Our model allows for correlation across the assets and liabilities as follows:
where    is a correlation between assets and liabilities.
As shown in the literature (e.g., Merton(1977) and Cummins(1988) ), demand-deposit guarantees and put options have an isomorphic relationship.
Thus, the deposit insurance can be valued using option pricing techniques. We can define the value to the insurer of the guarantee when the length of time until the end of the year (  ),  , as
That is, the deposit insurance pricing model has a structure whereby the insurer purchases the put option from the KDIC, where in equation (4), promised payment  corresponds to the exercise price, and the value of the insurer's asset  corresponds to the underlying asset.
Utilizing procedures consistent with those employed in Margrabe(1978) who develops an option pricing model for an exchange option to exchange one risky asset for another, a differential equation for deposit insurance premium is obtained (see Margrabe(1978) ):
The boundary condition for equation (5) is as follows:
The function  is the solution to the differential equation (5), subject to the boundary conditions (6) and the initial condition (4):
where • represents the normal cumulative density function, the parameters   and   are given by
where  is the insurer's asset at the beginning of the year,  is the insurer's liability at the beginning of the year, and                    is the volatility of the portfolio relative to the liability.
Then, following Ronn and Verma(1986) , we scale down the value of deposit insurance by the proportion of policy reserve to total liability. Therefore, we can rewrite the deposit insurance premium,   , as
where   is the value of the policy reserve, and   is the value of all liabilities other than the policy reserve. Equation (8) is consistent with the formula for a put option with exercise price   on an underlying asset with current value  . The implication of equation (8) is that the deposit insurance gives policyholders an option to sell their deposits on financial institutions to the KDIC at price   .
Low possibility of full contract terminations
Although we calculated the value of the deposit insurance from the option pricing model, it is likely to be overpriced. In the option-pricing model, policyholders must exercise a put option if the liability exceeds the asset at the maturity. However, insurance policyholders tend not to easily terminate their contract by withdrawing deposits from an insurer whose financial condition has deteriorated. 3) That is, policyholders do not generally exercise their option that is already in the money. Further, the KDIC prefers to arrange P&A rather than liquidate failed companies'assets and pay off policyholders. This is analogous to the approach taken by other deposit insurance institutions (e.g.
FDIC and Assuris) as they attempted to cut down on expenses. Thus, liquidation and deposit pay offs hardly ever happen in the life insurance sector. For this reason, P&A is a crucial factor which we should consider for estimating premium rates. We incorporate the discount rate of expenses as follows 4) :
3) International Association of Insurance Supervisors(2011). 4) During the Asian financial crisis, the KDIC successfully transferred all assets
where   is the calculated premium from equation (8) and , the discount rate of expenses by P&A, is given as
where  is the P&A expenses and     ×    is the pay-off expenses payable from the KDIC: that is,  means a ratio of the P&A expenses to liquidation expenses. Equation (8) is a special case of equation (9): in particular, two equations are equal when   .
Finally, in Korea, the deposit insurance premium rate, , is based on the premium income and policy reserve as follows 5)
where  is the value of the premium income. and remaining claims of insolvent life company to solvent life company(see table 2 ). Actually through arranging P&A, the KDIC could cut down on expenses(see table 3 ). 5) In Korea, the deposit insurance premium for life insurance firms are calculated as follows: Deposit Insurance Premium=(Policy reserve+Premium income)/2×15/10,000
Year 
Data
The model applied in the paper depends upon eight parameters: the insurer's asset ( ), the insurer's liability ( ), the insurer's policy reserve (  ), the insurer's premium income (), the variance for return of assets and liabilities (   and    respectively), the correlation of assets and liabilities (   ), and the discount rate of expenses according to the P&A ().
To apply the insurer's asset, liability, policy reserve and premium income, we obtain financial data from the financial statements presented by the FSS.
We use the annual data of each life insurance company as we assume that examination interval is one year.
To estimate the variance for return of the insurer's asset, we assume that life insurance firms invest their assets in stocks, government bonds, deposits and real estate. 6) The parameter is determined by each insurer's asset portfolio and the diffusion parameters of each asset class. Insurer's asset portfolios are estimated from data presented by the KLIA. 7) Parameters are estimated for stocks, government bonds, deposits and real estates over the period 2000 to 2016. Table 5 shows rates of return for each asset class.
6) We assume that non-invested assets have equivalent characteristics to bonds as in Cummins(1988) . 7) As the insurers' asset portfolios are not available, we estimate the asset portfolios from annual statements provided by KLIA. Estimating the variance of liability growth rate, Cummins(1988) adopted the log of (      ), where    total liabilities at . We follows Cummins(1988) for estimating the variance. Each firms' correlation between assets and liabilities is calculated from each firms' rate of return for asset and liability.
The final parameter is the discount rate of expenses according to P&A.
While parameter  can be estimated from historical failure cases where P&A was arranged, it is difficult to estimate empirically. This is because the P&A is determined by policy judgements. It is assumed here that the KDIC will behave in a manner consistent with past decisions, which are to arrange the P&A when dealing with failed firms. Actually, in Korea, there have been five 
Empirical findings
For the overall life insurance sector and each life insurance firm we calculate deposit insurance premium rates for 2010 to 2017. Table 7 compares historical deposit insurance premium rates with premium rate estimates based on data for the overall life insurance sector. The premium rate estimates have been lower than historical premium rates over the period. The premium rate estimates increased sharply in 2017 as life insurance firms increased the stock portion in their asset portfolios and the debt ratio climbed, by and large. In the light of the risk-based premium, it is clear that life insurance companies in Korea have generally charged much higher premium rates than they should charge. In addition, it seems that the KDIC needs to adjust premium rates according to market conditions. Unlike premium rate estimates, historical premium rates were flat, irrespective of not only during recessions but also during expansions. Meanwhile, the range of premiums paid by life insurance firms from 2010 to 2017 is also important. Figure 1 shows that the distribution of premium rate estimates is extremely skewed. The number of insurance companies rapidly decreases for the premium between 0 and 0.0010. It shows that probability densities exhibit long right-hand tails for the whole period. Moreover, the highest premium rates are generally greater than 0.02 over the period.
Although the KDIC is currently applying the risk-based premium rate, the range of KDIC premium rates is quite narrow compared to the that of premium rate estimates. For example, in 2017, the range of KDIC premium rates is only 0.00015 even though the highest premium rate estimate is 0.0164.
This means that most of the healthy life insurance companies in Korea are aiding the risky companies. As shown in Figure 2 , the debt ratio and correlation between assets and liabilities are important parameters in deciding premium rate levels. We identify that higher debt ratio generally bring about higher premium rate.
Moreover, premium rates are more sensitive to correlation under capital deficiencies. Therefore, it is more important for capital-deficient firms to consider asset-liability management(so-called ALM). We expect that the correlation will increase in the near future as it is an important factor under the K-ICS(Korean-Insurance Capital Standard) which will be introduced in 2021. As a result, premium rate estimates are likely to become lower than they are currently. 
Procyclicality
The option-pricing method is designed to have premium rates react rapidly to changes in financial conditions. As shown in Table 7 , premium rate estimates have fluctuated heavily over the business cycle. In particular, the preceding analysis shows that premium rate estimates increase sharply during recessions, which would further pressure life insurance firms. Shaffer(1997) argues that fluctuating premiums causes profits to fluctuate, increasing the probability of failure. That is, the procyclicality effect under the option-pricing method is likely to worsen the financial stability of firms during recessions. Paradoxically, the deposit insurance system based on the risk-based method might increase the risk of default. Thus, smoothing premium rates over the business cycle is necessary for a steady-state deposit insurance system. Our model follows Pennacchi(2005) , which attenuates the 
Ⅳ. Conclusions
Within the deposit insurance system, estimation of the appropriate premium rates is one of most important issues. If the KDIC sets a premium rate that is lower than fair value, the system cannot maintain steady state due to the huge expense. On the other hand, a higher premium rate might also increase the probability of failure. Although premium rates have been periodically revised, there are no guidelines for an appropriate premium rate in Korea.
We estimate an actuarially fair risk-based premium rate employing the exchange option model based on the assumption that assets and liabilities follow lognormal diffusion processes. We also incorporate the discount rate of expenses by P&A to consider the characteristics of the life insurance sector.
Finally, we apply the moving average method in order to dilute procyclical effects.
This study provides evidence that the life insurance firms are overpaying than their risk. Further, the distribution of premium rate estimates exhibits a long right-hand tail over the period from 2010 to 2017. It is possible to assert that life insurance firms with relatively higher financial stability have consistently assisted risky companies. Thus, even if the KDIC is currently implementing the risk-based premium system by assessing the risk profile of individual institutions, a more segmented system is needed to fairly impose the deposit insurance premium rates. In addition, our results indicate that premium rates tend to be more sensitive to the correlation between assets and liabilities in response to higher debt ratio. This fact supports the premise that risky firms must manage their risk by investing in their assets while considering their liabilities, and the KDIC also needs to consider the correlation as an important parameter for assessing firms.
The major limit of our methodology presented in this paper is the assumption that the insurer has attained a steady-station position. Although the assumption involves no loss of generality, incorporating the more realistic setting is an important next step. In reality, the life insurance market in Korea has continuously expanded since the establishment of the KDIC. Thus, considering the incidence of new claims, premium inflow and claims outflow can help calibrate the model for the estimation of the premium rate.
Lastly, taking in account that the bankrupt would happen at any time of the year, an american option model could be more suitable than an european option adopted here. Then, we would like to leave this topic as a future development. 
